ABSTRACT: Crossbred beef steers (n = 312) were used in an experiment with a completely randomized design during the growing (235 ± 1.6 kg initial BW) and fi nishing (363 ± 2.7 kg) phase to determine the effects of dietary CP concentration and rumen degradability on NH 3 -N emissions, growth performance, and carcass traits. Diets were barley based and consisted of 55% silage and 45% concentrate in the backgrounding phase and 9% silage and 91% concentrate in the fi nishing phase. For each phase, there were 4 dietary treatments (6 pens of 13 cattle per diet): the basal diet with no protein supplementation (12% CP backgrounding and 12.6% CP fi nishing) or supplemented (14% CP) with urea (UREA), urea and canola meal (UREA+CM), or urea, corn gluten meal, and xylose-treated soybean meal (UREA+CGM+xSBM). Feed intake and BW of cattle were measured at 3-wk intervals. One pen of steers fed the 12 or 12.6% CP and 1 pen fed 1 of the 14% CP diets were housed in 2 isolated pens to quantify NH 3 -N emissions using the integrated horizontal fl ux technique with passive NH 3 samplers. In the backgrounding phase fi nal BW, ADG, and G:F were less (P < 0.05) in cattle fed the 12% CP and UREA compared with the UREA+CM and UREA+CGM+xSBM diets. Nitrogen-use effi ciency of cattle fed UREA+CM and UREA+CGM+xSBM was equal to that of cattle fed 12% CP and averaged 19.8%. In the fi nishing phase, there was no effect (P > 0.10) of CP supplementation on BW, DMI, ADG, G:F, N-use effi ciency, and carcass traits. The NH 3 -N emissions from December to February during the backgrounding phase ranged from 4.3 to 25.6 g N/(steer•d) and 3.8 to 16.3% of N intake and from April to July during the fi nishing phase ranged from 9.7 to 76.4 g N/(steer•d) and 4.4 to 26.7% of N intake. Differences in NH 3 -N emissions between the pens of cattle fed the backgrounding diets with 12 and 14% CP were not detected. For cattle fed the 12.6 and 14% CP fi nishing diets, NH 3 -N emissions tended (P ≤ 0.16) to be less for 2 of the 5 periods and averaged 14.4 and 28.1 g N/(steer•d) and 7.7 and 12.7% of N intake, respectively. The NH 3 -N emitted as a % of N intake averaged 42% less for cattle fed 12.6% compared with 14% CP. Feeding the barley-based concentrate diet to fi nishing cattle with 12.6% compared with 14% CP diets reduced NH 3 -N emissions with no effect on performance. Feeding the barley-based forage diet to backgrounding cattle with 12% CP, however, reduced performance compared with growing cattle fed supplementary degradable and undegradable true protein.
INTRODUCTION
Human health and environmental issues related to the cattle feedlot industry are becoming of greater concern to livestock producers, the general public, and policy and regulatory agencies. One of the predominant concerns is the loss of N from feedlot manure and fertilizer through volatilization of NH 3 and nitrous oxides and nitrate contamination of surface and ground wa-ter. Once emitted, NH 3 can form secondary products in the atmosphere that contribute to fi ne particulate matter and reduced air quality. Agricultural activities and livestock operations in particular are identifi ed as the largest anthropogenic contributor to NH 3 inventories in North America (USEPA, 2004; Environment Canada, 2012) .
Most NH 3 emitted from livestock operations is produced from the microbial hydrolysis of urinary urea to ammonium (NH 4 + ) and CO 2 . Therefore, feeding and management practices that decrease urinary N excretion decrease NH 3 emissions. Modifying feedlot diets by decreasing the CP percentage is 1 of the most practical methods to reduce total N and urine N excretion; however, reducing the CP content of the diet can also reduce growth performance (Cole et al., , 2006 and extend the time cattle are fed before reaching a specifi c market endpoint. To optimize N utilization, reduce N excretion, and control NH 3 -N emissions from growing and fi nishing beef cattle, diets must be formulated taking into consideration dietary CP concentration and degradability in relation to the ruminal carbohydrate fermentability of the diet. The objectives of the study were 1) to directly quantify the effects of feeding barley-based forage backgrounding and high concentrate fi nishing diets with low and high dietary CP concentration (within the range typically formulated for feedlot cattle) on NH 3 -N emissions and 2) to determine the effects of CP concentration and rumen degradability on N-use effi ciency, growth performance, and carcass traits of growing and fi nishing feedlot cattle.
MATERIALS AND METHODS
Animals were cared for and managed according to the guidelines of the Canadian Council on Animal Care (1993) . Experimental procedures involving animals were approved by the Institutional Animal Care and Use Committee at the Lethbridge Research Centre.
Animals and Housing
Three hundred twelve crossbred beef steer calves (Black Angus × Hereford × Gelbveih) were used in an experiment with a completely randomized design to determine the infl uence of dietary CP concentration and degradability on growth performance, carcass traits, and NH 3 -N emissions of growing and fi nishing cattle fed barley-based diets. Calves originated from the same calf crop and commercial ranch (Deseret Ranches of Alberta, Raymond, AB) and the experiment was conducted at the research feedlot of the Lethbridge Research Centre (49.7° N, 112.8° W, and elevation 911 m) from November until July. At weaning (September through early October), cattle were vaccinated for the prevention of infectious bovine viral and bacterial diseases (Resvac 4/Somubac and One Shot Ultra 8; Pfi zer Animal Health, Exton, PA) and treated for control of internal and external parasites (Dectomax; Pfi zer Animal Health). Cattle were implanted with a commercial growth promotant at the start of the backgrounding phase (200 mg progesterone + 20 mg estradiol; Component E-S; Elanco Animal Health, Guelph, ON) and re-implanted 119 d later at the start of the fi nishing phase (140 mg trenbolone acetate + 28 mg estradiol; Revalor-S; Intervet, Inc., Millsboro, DE) .
Cattle arrived at the research feedlot 10 d before the start of the study and were initially fed a common barley-based total mixed ration (TMR) consisting of 55% silage and 45% concentrate (approximately 13.0% CP). Cattle were housed in 24 open air pens (13 steers per pen) measuring 21 by 27 m with soil-surfaced fl oors, 15 m fence-line concrete feed bunk, 1.65 m concrete apron, an automatic continuous fl ow water bowl, and wind break fencing. All pens were bedded at the same time with an equal amount of straw as necessary.
Dietary Treatments
The experimental barley-based diets consisted (DM basis) of 55% silage and 45% concentrate for the backgrounding phase (Table 1) and 9% silage and 91% concentrate for the fi nishing phase (Table 2) . For each phase, there were 4 dietary treatments: the basal diet with no added protein (12% CP) or diets formulated to contain 14% CP by supplementation with urea (UREA; rumen degradable NPN), urea and canola meal [UREA+CM; with approximately 50% of the N from NPN of urea and 50% of the N from a rumen degradable true protein (peptides and amino acids) source], or urea, corn gluten meal, and a xylose-treated soybean meal (UREA+CGM+xSBM), with approximately 50% of the N from NPN of urea and 25% of the N from each of the rumen undegradable true protein sources. The canola meal (CM) averaged 59.4% RDP and the corn gluten meal (CGM) and xylose-treated soybean meal (xSBM) averaged 76.2 and 85.9% RUP, respectively (Koenig and Beauchemin, 2013a,b) . Urea was added to each of the diets supplemented with true protein to ensure a basal level of ruminal NH 3 -N for microbial growth. Barley grain was purchased commercially every 10 to 12 d and was dry rolled to a processing index of 80 to 82% . After the backgrounding phase, cattle were adapted to the high-concentrate fi nishing diet over a 21-d period by feeding a series of 5 diets with incremental increases in the proportion of the grain and corresponding decreases in the proportion of the forage for approximately 5 d each. The diets were formulated to meet mineral and vitamin requirements (NRC, 2000) .
The diets were mixed and delivered using a feed mixer (Beck 220; Beck Industries, Lethbridge, AB; with Weigh-Tronix RD712 scale system; Fairmont, MN) and fed as a TMR once per day between 0900 and 1100 h in an amount that permitted a minimum of 5% refusal.
Samples of the barley silage, rolled barley grain, supplements, and TMR were collected once a week and were dried at 55°C in a forced draft oven for 48 h. The DM content of the silage, grain, and supplements was used to adjust the ingredient proportions of the diet. Dried samples were ground using a cutter mill through a 4-mm diameter screen and then through a 1-mm diameter screen (model 4 Wiley mill; Thomas Scientifi c, Swedesboro, NJ) and combined by equal volume for each 3-wk period for chemical analysis. Orts were removed from the feedbunks at the end of each 3-wk period and then reduced in size, dried, and ground as described for the feed samples.
Animal Performance
Cattle were individually weighed [Cattlelac Hydraulic Squeeze with 4 load cells (WB31); Red Deer, AB; and Cardinal Detecto 758 Indicator; Cardinal Scale 2 Dietary CP concentration, % of DM. Mean ± SD, n = 4 periods. 3 Contained on a DM basis: 39.1 ± 5.04% DM, 91.4 ± 0.58% OM, 12.4 ± 0.68% CP, 11.0 ± 4.38% starch, 55.0 ± 2.40% NDF, 36.5 ± 2.11% ADF, and 2.89% crude fat. 4 Contained on a DM basis: 90.0 ± 1.14% DM, 96.7 ± 0.52% OM, 12.8 ± 0.70% CP, 49.9 ± 8.04% starch, 27.4 ± 3.88% NDF, 11.1 ± 3.00% ADF, and 1.92% crude fat. The barley grain was dry rolled to a processing index of 80 to 82%. The processing index was determined as the volume weight (0.5 L) of grain after processing divided by the volume weight of whole barley grain before processing × 100% (0.5 L cup; Seedburo, Chicago, IL). 5 SoyPass; LignoTech USA, Inc., Rothschild, WI.
6 Provided per kilogram of diet DM: 50 mg/kg of Zn, 13 mg/kg of Cu, 24 mg/kg of Mn, 0.6 mg/kg of I, 0.25 mg/kg of Se, 0.2 mg/kg of Co, 8,600 IU/kg of vitamin A, 430 IU/kg of vitamin D, and 12 IU/kg of vitamin E.
7 Provided monensin at 22 mg/kg diet. Premix contained monensin at 200 g/kg; Elanco Animal Health, Guelph, ON. 8,9 Estimated using NRC (2000), Level 1, and the Cornell Net Carbohydrate and Protein System (CNCPS 6.1), respectively, with the measured nutrient composition of the barley silage and grain, in situ CP degradation characteristics for the barley silage, barley grain, and protein sources (Koenig and Beauchemin, 2013a) , and animal, management, and environmental inputs.
Manufacturing Co., Webb City, MO], stratifi ed according to BW, and randomly allocated to 24 pens of 13 animals each, with 6 pens assigned to each of the 4 backgrounding diets. After the backgrounding phase, cattle were weighed, restratifi ed according to BW and dietary treatment, and rerandomized for assignment to the 4 fi nishing diets to equalize carryover effects from the backgrounding diets. During each of the backgrounding and fi nishing phases, cattle were weighed on 2 consecutive d at the start and end and on 1 d at successive 3-wk intervals at the same time of day (between 0800 and 1100 h) and before the delivery of fresh feed.
Blood samples were collected from 4 steers in each of 5 pens on each treatment every 3 wk at the time of weighing. Blood was collected via puncture of the jugular vein into evacuated tubes (8 mL, Vacutainer PST lithium heparin; Becton Dickinson, Oakville, ON), centrifuged at 3000 × g for 20 min at 4°C, and plasma urea N (PUN) concentration was determined.
Cattle were transported in 3 groups on 3 consecutive d (the fourth, fi fth, and sixth day after the last measurement of BW) approximately 175 km to a federally inspected commercial abattoir (Cargill, Inc., High River, AB) for slaughter and carcass trait evaluation. Dressing 1 CGM = corn gluten meal; CM = canola meal; UREA = urea; xSBM = xylose-treated soybean meal.
2 Dietary CP concentration, % of DM. Mean ± SD, n = 5 periods.
3 Contained on a DM basis: 42.1 ± 2.25% DM, 92.8 ± 0.37% OM, 12.4 ± 0.23% CP, 27.4 ± 3.59% starch, 40.3 ± 3.04% NDF, 24.9 ± 2.88% ADF, and 2.9% crude fat. 4 Contained on a DM basis: 90.4 ± 1.13% DM, 97.7 ± 0.07% OM, 13.1 ± 1.01% CP, 57.5 ± 1.83% starch, 20.3 ± 3.92% NDF, 5.16 ± 3.20% ADF, and 1.59% crude fat. The barley grain was dry rolled to a processing index of 80 to 82%. The processing index was determined as the volume weight (0.5 L) of grain after processing divided by the volume weight of whole barley grain before processing × 100% (0.5 L cup; Seedburo, Chicago, IL). (2000), Level 1, and Cornell Net Carbohydrate and Protein System (CNCPS 6.1), respectively, with the measured nutrient composition of the barley silage and grain, in situ CP degradation characteristics for the barley silage, barley grain, and protein sources (Koenig and Beauchemin, 2013b) , and animal, management, and environmental inputs.
percentage was calculated as the warm carcass weight divided by the fi nal BW before shipping. Carcasses were inspected, chilled for 24 h, and complete Canadian grade data were collected by an accredited grader of the Canadian Beef Grading Agency according to the Canadian livestock carcass grading regulations (Canadian Food Inspection Agency, 2012) . Measurements included LM area (between the 12th and 13th ribs), grade fat thickness, average fat thickness (the average of 3 measures of fat thickness of the rib eye), marbling score, lean meat yield, and Canadian quality grade.
Nitrogen intake (g N/d for each period) was calculated as {[(∑feed offered daily (kg/d) × %DM TMR × %N TMR ) -(orts (kg) × %DM orts × %N orts )] × 1000 g/ kg)/(number of steers × number of days in each period}. Nitrogen retained (g N/d) was calculated using observed BW and the NRC (2000; Tylutki et al., 1994) equations for retained energy (RE) adjusted for BW of cattle (RE = 0.0635 × EQEBW 0.75 × EBG 1.097 , in which EQEBW is the adjusted empty BW and EBG is the empty BW gain) and the net protein retained [protein retained (g) = (SWG × 268) -(29.4 × RE), in which SWG is shrunk weight gain]. The standard reference BW for the cattle was 462 kg and the fi nal BW was 540 kg. Nitrogen-use effi ciency was determined as N retained (g N/d)/N intake (g N/d) × 100%. Nitrogen excretion (urine and feces) was calculated by subtraction of N retention from N intake.
Measurement of Ammonia-N Emissions
The simultaneous measurement of NH 3 -N emissions from cattle fed the dietary treatments each period was limited by the number of isolation pens (2). Therefore, every 3 wk during the backgrounding and fi nishing phases, 2 pens of cattle, 1 fed the low CP diet and 1 fed 1 of the protein supplemented diets, were moved from the research feedlot pens to the 2 isolated pens for the measurement of NH 3 -N emissions (Table 3 ). The same pen of steers fed the low CP diet was moved with each pen of steers fed the protein supplemented diets. For the fi nishing phase, a second pen of steers fed the low CP diet was moved with each of a second pen of steers fed the protein supplemented diets.
The isolated pens (north and south) were located 200 m south of the research feedlot with unobstructed wind fl ow and were separated from each other by 30 m. Prevailing winds in the Lethbridge region are from the west. Each pen was oriented on a north-south and east-west axis and measured 14 by 18 m, respectively (i.e., the long side of the pen was parallel to the dominant wind direction). The pens were constructed with panel fencing (1.5 m high with 6 horizontal steel bars of 3.3 cm o.d. and spaced 0.24 m apart) and soil-surfaced fl oors. A 9 by 0.6 by 0.5 m (length by width by depth) fence-line concrete bunk was located on the west fence line and a heated automatic continuous fl ow water bowl was located midpoint on the south fence line of each pen. Stocking density was 19.4 m 2 per steer. For each period, the isolated pens were scraped of manure and bedded with straw (1 large square bale per pen, approximately 325 kg DM) before movement of steers into the pens. The steers remained in the isolated pens for 12 d to permit accumulation of manure before measurement of NH 3 -N emissions. 12.6% vs. 14% UREA + CM 3.3 ± 0.04 19.1 ± 1.3 0 1 CGM = corn gluten meal; CM = canola meal; UREA = urea; xSBM = xylose-treated soybean meal.
2 Every 3 wk during the backgrounding and fi nishing phases, 2 pens of cattle, 1 fed the low CP diet (12 or 12.6% CP) and 1 fed 1 of the protein supplemented diets (14% CP), were moved from the research feedlot pens to the 2 isolated pens for the measurement of NH 3 -N emissions. The same pen of steers fed the low CP diet was moved with each pen of steers fed the protein supplemented diets.
3 For the fi nishing phase, a second pen of steers fed the low CP diet (12.6% CP) was moved with each of a second pen of steers fed the protein supplemented diets (14% CP). Ammonia-N emissions were then measured from each pen for 4 consecutive 24-h periods using the integrated horizontal fl ux technique with passive fl ux NH 3 sampler units (Schjoerring et al., 1992; Sommer et al., 1996; McGinn and Sommer, 2007) . This technique combines the measurement of vertical profi les of NH 3 -N collected in the passive sampler units with wind speed and direction to compute NH 3 -N emission from each pen.
The sampler units for measuring horizontal profi les of NH 3 consisted of 2 sampling tubes ( Fig. 1) . Each sampling tube consisted of two 10-cm glass tubes (0.7 mm i.d.) coated with oxalic acid (30 g/L acetone) on 9-cm of the inner surface and one 1-cm glass tube with a stainless steel disc (0.5 mm thick) with a 1-mm center diameter opening connected in series. The sampling tubes were capped until assembled immediately before each 24-h measurement period and were mounted parallel to each other and horizontally to a vertical mast at heights of 0.5, 1, 2, and 3 m located in the middle of the north, east, south, and west perimeters of the pen (1.6 m from the pen fence perimeter). At each height, 1 sampler with the disc and 1 with the open end were positioned toward the pen. Ammonia emitted from the pen was collected through the disc of 1 sampling tube and the open end of the other sampling tube facing the pen. Conversely, NH 3 from the surroundings (background) was collected from the opposite open side of 1 sampling tube and through the opposite disc side of the second sampling tube, both of which faced outward from the pen. The stainless steel disc at the end of the sampler tube decreases the air speed inside the tube to permit a high NH 3 collection effi ciency (Schjoerring et al., 1992) . The NH 3 entering the tubes reacts with the dry oxalic acid to form ammonium oxalate. After each 24-h exposure, the samplers were removed from the masts and disassembled and the glass tubes immediately capped. The ammonium oxalate and remaining oxalic acid of each glass tube were dissolved in 5 mL deionized water and the extract was analyzed for NH 3 -N. For any 24-h exposure during which snow or rainfall wet the inside of the sampler tubes, the tubes were excluded and an additional 24-h measurement was performed.
Meteorological instrumentation was located adjacent to the pens. Wind speed was measured at the same heights as the sampler units (i.e., 0.5, 1, 2, and 3 m) and wind direction at 3 m (WINDCAP Ultrasonic Wind Sensors WS425; Vaisala, Helsinki, Finland). The data were recorded every 5 s and averaged for 30 min intervals by a data logger (CR23X; Campbell Scientifi c, Inc., Logan, UT). Orientation of the passive fl ux NH 3 sampler on the mast located on the east perimeter of the rectangular isolated feedlot pen and the critical wind direction used to determine the fetch. Adapted from Sommer et al. (1996) and McGinn and Sommer (2007) . i 1 and i 2 = sample tubes oriented inward to the pen; o 1 and o 2 = sample tubes oriented outward to the pen; L = the length of the side of the pen.
3 -N through the 2 glass tubes facing in the same direction at each height on each perimeter mast was calculated as (McGinn and Sommer, 2007) :
is the amount of NH 3 same direction (either orientated inward or outward to the pen) at each height and perimeter position, r is the radius (0.0005 m) of the opening in the sampler disc, t is the duration of the sampling period (s). The air speed inside the sample tube (u i ) is proportional to the wind speed outside the tube (m/s) at height h multiplied direction and the longitudinal axis of the sampler (180°), that is, u i /(u 3 -N for each 24-h collection was calculated by subtracting the horizontal 3 3 -N emitted from the pen at each height on each perimeter then determined from the summation of the net horiheights for the distance of the pen over which the wind had blown (McGinn and Sommer, 2007) :
in which Fv h is the height (m) of the effective depth of the layer of air represented by the sample tube at each height (at a height of 0.5, 1, 2, and 3 m the effective depth was 0.75, 0.75, 1, and 1 m, respectively), n is the mast number, and d is the effective distance at the leading edge of the pen over which the wind has blown (fetch, m). The fetch (d) for the rectangular isolated pen was calculated by adding the distance of the effective fetches for the 2 downwind samplers (McGinn and Sommer, 2007) . For example (Fig. 1) , the effective fetch for samplers located on the east mast with a wind direction greater than 180° was calculated as (i) d = the length of a side (L) of the rectangle when the wind d = (L/2)
Chemical Analysis
Analytical DM for correction of the results of chemical analysis to a DM basis was determined by drying the -ber 930.15) followed by hot weighing. The OM content was calculated as the difference between 100 and the -OM Fiber Analyzer (ANKOM Technology Corp., Fairport, NY). Samples previously ground through a 1-mm sieve were further ground using a ball mill (Mixer Mill determination of starch and N. Starch was analyzed enzymatically based on the method of Rode et al. (1999) Aspergillus niger, Megazyme International Ireland, Bray, Co. Wicklow, Ireland). After the addition of amyloglucosidase, samples were incubated at 60°C for 2 h. Glucose was determined using the glucose oxidase-peroxidase assay (Diagnostic Chemicals Ltd., Charlottetown, PEI) with colorimetric determination at 505 nm using a microplate reader (Dynatech Labo--was calculated as N × 6.25. Crude fat was determined AG, Flawil Switzerland). The PUN was determined us-IDEXX Laboratories, Inc., Westbrook, ME). Ammonia N was determined in the extracts from the sampler glass tubes using the salicyclate method (Kempers and Zweers, 1986) .
Statistical Analysis
Three steers were removed from the trial during the backgrounding phase and 2 steers were removed dur--ness (1), urolithaisis (1), bloat (1), and other (2)]. In each case, data were removed and feed intake of the pen was adjusted accordingly before statistical analysis. and carcass traits were analyzed as mixed linear model using the MIXED procedure (SAS Inst. Inc., Cary, NC) with pen as the experimental unit and accounting for the random effect of pen within diet and the fi xed effect of diet. Data for DMI for each pen, ADG, and G:F for each animal for the 3-wk periods were analyzed as a mixed linear model with time as a repeated measure and pen as the experimental unit. The model included the fi xed effect of diet, time, and the diet × time interaction. The restricted maximum likelihood method was used for estimating variance components and the Kenward-Roger option was used to adjust the degrees of freedom. The variance and covariance error structures that were investigated included variance components, compound symmetry, and heterogeneous compound symmetry. The error structure with the lowest Akaike information criteria fi t statistic was selected for the model. Differences among treatments were determined using Fisher's protected (P < 0.05) LSD test using the PDIFF option. For the repeated measures model, the SLICE option was used when the diet and time interaction was signifi cant to partition and test the simple main effects. The data for NH 3 -N emissions quantifi ed daily for 4 consecutive d from each of the 2 isolated pens were analyzed using a Student's t test for each period. Differences were considered signifi cant at P ≤ 0.05 and trends were discussed at 0.05 < P < 0.10 for the performance data and 0.05 < P < 0.15 for the NH 3 -N emissions data.
RESULTS
The backgrounding diet without supplemental protein contained 12.0% CP and the 3 diets formulated for 14% CP with protein sources of varying rumen degradabilities contained 14.1 to 14.6% CP (Table 1 ). The fi nishing diet without supplemental protein contained 12.6% CP and the protein supplemented diets contained 14.1 to 14.5% CP (Table 2) . Variation in the CP concentration of the barley grain with each delivery and the barley silage within the bunker silo contributed to the variation in the CP concentration of the treatment diets over time (Tables  1 and 2 ; average SD = 0.9%). At any point in time, however, the same lot of barley grain and silage was used in mixing all dietary treatments; therefore, the relative difference between the CP concentration of the low and high CP diets for each period was similar.
Performance of Feedlot Cattle Fed Barley-Based Backgrounding Diets
Initial BW (d 1) of cattle entering the backgrounding phase averaged 235 ± 0.6 kg (P = 0.30; Table 4 ). At the end of the backgrounding phase (d 83), fi nal BW was lighter (P < 0.05) for cattle fed the barley-based diets with 12% CP and UREA than for cattle fed the dietary treatments supplemented with urea and true protein sources (UREA+CM and UREA+CGM+xSBM).
The diet × time interaction was signifi cant for DMI (P = 0.01) but not for ADG (P = 0.74) and G:F (P = 0.36) and therefore, means are presented for diet only (Table 4 ). The DMI increased with time (P < 0.001) but plateaued earlier for cattle fed the 12% CP diet than for cattle fed the 14% CP diets. The DMI tended (P < 0.10) to be greater for the cattle fed the UREA+CM than for cattle fed the 12% CP diet for 1 period from d 42 to 62, but overall there was no effect (P = 0.34) of diet on DMI. In the backgrounding phase, DMI averaged 6.40 ± 0.15 kg/d and 2.36 ± 0.06% of BW (P = 0.36; data not shown). The ADG was less (P < 0. a−c Within a row, means without a common superscript differ (P < 0.05, n = 24).
1 CGM = corn gluten meal; CM = canola meal; UREA = urea; xSBM = xylose-treated soybean meal.
2 Dietary CP concentration, % of DM.
3 Reported as shrunk BW (BW × 0.96; NRC, 2000) . 4 Average daily BW gain was determined from the coeffi cient of the linear regression relationship between shrunk BW as the dependent variable and time as the independent variable. dition, the G:F was also lower (P < 0.05) in cattle fed backgrounding diets with UREA, intermediate for cattle fed 12% CP, and greater for cattle fed UREA+CM and UREA+CGM+xSBM.
For all dietary treatments, N intake and excretion increased (P < 0.05) from the fi rst to the fi nal 3-wk period (Table 5) . Nitrogen intake was greater (P < 0.05) in cattle fed the 14% CP diets compared with the 12% CP diet for each period and over the duration of the backgrounding phase (150 and 122 g N/d, respectively). From d 21 to 41 and d 42 to 62, cattle fed the UREA diet excreted a greater (P < 0.05) amount of N than when fed UREA+CGM+xSBM diet, with N excretion intermediate for cattle fed the UREA+CM diet. Nitrogen retention was greater (P < 0.05) for the fi rst 3-wk period and then declined and stabilized throughout the remainder of the feeding period. Cattle fed the UREA+CM and UREA+CGM+xSBM diets had greater (P < 0.05) N re- a−c Within a row, means without a common superscript differ (P < 0.05, n = 24; except for plasma urea N, n = 20).
d−g Within a column, means without a common superscript differ (P < 0.05, n = 24; except for plasma urea N, n = 20).
2 Dietary CP concentration, % DM.
tention than cattle fed the 12% CP and UREA diet. The N-use effi ciency throughout the backgrounding phase did not differ among cattle fed the 12% CP, UREA+CM, and UREA+CGM+xSBM diets and averaged 19.8%, but it was less (P > 0.05) for cattle fed the UREA diet at 16.6%. The N-use effi ciency declined (P < 0.05) from a peak of 23 to 25% at the beginning to a nadir of 13 to 14% at the end of the backgrounding phase. The PUN concentration was greater (Table 5 ; P < 0.05) in cattle fed the 14% CP diets compared with that in cattle fed the 12% CP diet. There were no differences (P > 0.10) in PUN among cattle fed the 3 protein supplemented diets. There was little effect of days on feed during the backgrounding phase on PUN, except at d 41 when PUN was least (P < 0.05) for all dietary treatments. Mean average temperature for the week preceding blood collection at d 41 declined to -19°C from an average of -2°C for the preceding 4 wk. The rapid decline in temperature combined with 7.5 cm of snow 2 d before blood collection may have caused a reduction in feed and N intake and reduced PUN concentration at d 41. Any temporary reduction in feed and N intake, however, was not refl ected in the DM (Table 4) and N intake (Table 5) for the 3-wk period. The PUN averaged over the backgrounding phase was 6.23 mg/dL in cattle fed the 12% CP diet and 8.75 mg/dL in cattle fed the 14% CP diets.
Performance of Feedlot Cattle Fed Barley-Based Finishing Diets
In the fi nishing phase, there was no diet × time interaction for DMI (P = 0.50) and ADG (P = 0.14) and therefore, means are presented for diet only (Table 6 ). There was no effect (P > 0.10) of protein supplementation of the high concentrate barley-based diets on fi nal BW, DMI, and ADG. Cattle started the fi nishing phase with an initial BW of 363 ± 1.4 kg (P = 0.39) and were fi nished at a fi nal BW of 541 ± 3.5 kg (P = 0.23). The DMI averaged 11.2 ± 0.26 kg/d (P = 0.80) and 2.45 ± 0.05% of BW (P = 0.36; data not shown). The ADG during the fi nishing phase averaged 1.68 ± 0.03 kg/d (P = 0.46). The ADG increased from the fi rst to the second 3-wk period and then declined for the remainder of the fi nishing phase (P < 0.05; data not shown). The ADG was relatively low (0.84 kg/d) for d 64 to 84. The accumulated rainfall during this 3-wk period was 207 mm, well above the 30-yr average rainfall for the month of June (84.4 mm average rainfall from 1981 to 2010), which may have contributed to low growth performance (NRC, 1981; Tabler et al., 2007) . The diet × time interaction was signifi cant for the G:F ratio (P = 0.04). The G:F declined over time (P < 0.05), but it declined at a slower rate for the cattle fed the 12.6% CP diet such that cattle fed the 12.6% CP diet had a greater G:F than cattle fed the protein supplemented diets from d 43 to 63 of the fi nishing phase (P < 0.05; data not shown). As was found for ADG, the G:F was relatively low for all dietary treatments for d 64 to 84. In the period that followed, the G:F of cattle fed the 12.6% CP diet did not recover to the same extent and was less (P < 0.05) for cattle fed the 12.6% CP diet compared with cattle fed the 14% CP diets. There was no effect (P > 0.10; Table 6 ) of protein supplementation on HCW, dressing percentage, LM area, grade and backfat thickness, marbling score, lean yield, and quality grade. Dressing percentage averaged 59.7 ± 0.3%, back fat 11.8 ± 0.4 mm, and lean yield 56.7 ± 0.4%. Quality grade of the carcasses averaged 63% AA and 36% AAA.
With the exception of the period from d 64 to 84, N intake increased (P < 0.05) in each successive period of the fi nishing phase (Table 7) . Throughout the fi nishing phase, intake of N was greater (P < 0.05) for cattle fed the 14% CP diets (257 g N/d) than for the 12.6% CP diet (220 g N/d). Nitrogen excretion also increased with each successive period (P < 0.05) and for each period was always greater (P < 0.05) for cattle fed 14% CP diets. Nitrogen retention declined (P < 0.05) over time for all dietary treatments and was lowest for d 64 to 84 refl ecting the relatively low ADG observed for this period. There was no effect (P = 0.51) of the dietary treatments on N retention in fi nishing cattle. The N-use effi ciency declined from a high of 21 to 24% at the beginning to a low of 6 to 8% at the end of the feeding period. The Nuse effi ciency throughout the fi nishing phase for cattle fed the 14% CP diets averaged 14% and was decreased (P < 0.05) compared with an effi ciency of 16% observed for cattle fed the low 12.6% CP diet.
The PUN concentration increased (Table 7 ; P < 0.05) over the 106-d fi nishing phase for all dietary treatments. For the majority of the time points (d 1, 21, 42, and 84), PUN was less (P < 0.05) for cattle fed the 12.6% CP diet compared with the 14% CP diets, but at the end of the feeding period there were no differences (P > 0.10) among the dietary treatments. Protein degradability had only a small and variable effect on PUN. Cattle fed the UREA diet had a reduced (P < 0.05) PUN concentration than cattle fed the UREA+CM and UREA+GCM+xSBM diets at d 1 and 42 of the fi nishing phase, but there were no differences among the 14% CP diets for the other 4 time points (d 21, 63, 84, and 106 ). The PUN averaged over the fi nishing phase was 9.95 mg N/mL for the 12.6% CP diet and 12.3 mg N/mL for the 14% CP diets.
Ammonia-N Emissions from Feedlot Cattle Fed Barley-Based Backgrounding and Finishing Diets
Meteorological conditions observed for each of the 4-d measurement period during the experiment are reported in Table 3 . Ammonia-N emissions from cattle confi ned in the isolated pens during the backgrounding phase from December to February ranged from 4.3 to 25.6 g N/(steer•d) and 3.8 to 16.3% of N intake (Fig. 2) . Ammonia-N emission did not differ between the pens of cattle fed the 12% CP and each of the 14% CP diets (P > 0.15). Ammonia-N emissions for cattle fed the 12 and 14% CP diets averaged across all periods of the backgrounding phase were 9.7 and 16.4 g N/(steer•d) and 7.7 and 10.4% of N intake, respectively. Ammonia-N emissions from cattle during the fi nishing phase from April to July ranged from 9.7 to 76.4 g N/(steer•d) and 4.4 to 26.7% of N intake. For the fi nishing phase, there was a trend toward decreased NH 3 -N emissions from the pen of cattle fed the 12.6% CP diet relative to the 14% CP diets for 2 of the 5 periods, when expressed as an amount per animal per day (P ≤ 0.11) and as a percentage of N intake (P ≤ 0.16; Fig. 2 ). Ammonia-N emissions for the 12.6 and 14% CP diets averaged across the 2 periods in April of the fi nishing phase were 14.4 and 28.1 g N/(steer•d) and 7.7 and 12.7% of N intake, respectively.
DISCUSSION

Improving N-Use Effi ciency to Reduce Ammonia-N Emissions from Beef Feedlot Cattle
The most important approaches to improving whole farm N balance are to increase the effi ciency of N utilization for the herd followed by matching crop N use and manure N availability and to a lesser extent reducing N losses from manure storage (Kohn et al., 1997; Rotz, 2004) . Nitrogen-use effi ciency in feedlot cattle can be improved by improving animal productivity (growth rate and feed conversion effi ciency) and decreasing the amount of protein fed. Dietary N intake is the major factor determining total N excretion in livestock manure. High levels of urinary N indicate overfeeding of total protein and high ruminal N balance relative to microbial requirements. Lowering the CP percentage of feedlot diets and feeding protein in forms that more closely meet the microbial and animal requirements is one of the most practical methods to increase N-use effi ciency and reduce N excretion.
Protein requirements of feedlot cattle are greater during the initial stage of growth and then decline during the later stage as the composition of gain changes and the deposition of protein relative to fat decreases (NRC, 2000) . The CP concentrations of the diets fed were at the lower and upper end of the range (12 to 14.6%) commonly formulated by consultant feedlot nutritionists for fi nishing feedlot cattle (Vasconcelos and Gaylean, 2007) . Feed intake was unaffected by CP concentration, but performance (fi nal BW, ADG, and G:F) and N retention of the cattle were reduced when fed the backgrounding diets with 12% CP and 14% CP with UREA compared with the 14% CP diets that were supplemented with a combination of UREA and either a rumen degradable (CM) or undegradable (CGM + xSBM) true protein. As a result of the improved performance and N retention in cattle fed 14% CP diet supplemented with the combination of urea and degradable or undegradable true protein, N-use effi ciency was similar to that of cattle fed the lower 12% CP diet and averaged 19.8% of N intake throughout the backgrounding phase. The N-use effi ciency of cattle fed Table 7 . Nitrogen intake, excretion, retention, effi ciency, and plasma urea N of beef steers fed barley grain-based diets varying in protein concentration and degradability during the fi nishing phase a−c Within a row, means without a common superscript differ (P < 0.05, n = 24; except for plasma urea N, n = 20).
d−h Within a column, means without a common superscript differ (P < 0.05, n = 24; except for plasma urea N, n = 20).
the 14% CP diet with UREA was lower at 16.6%. Direct comparisons of NH 3 -N emissions between the feedlot pens of cattle fed the 14% CP diets were not performed, but based on the improved performance, N retention and effi ciency, urinary N excretion, and NH 3 -N emissions would be expected to be less from cattle fed the UREA+CM and UREA+CGM+xSBM compared with the UREA supplemented diet. Optimal PUN concentration for protein deposition in beef cattle has been reported between 6 and 8 mg/ dL Preston, 1995, cited by Vasconcelos et al., 2009 ). The PUN concentration of cattle fed the backgrounding diet with 12% CP (6.2 mg N/dL) was within this range, but performance of the cattle was less than cattle fed 14% CP with a greater average PUN concentration (8.75 mg N/dL). Supplementing the diet with UREA only, however, increased PUN, but performance of cattle was similar to the cattle fed the 12% CP diet.
The improvement in performance and N-use efficiency in cattle fed backgrounding diets supplemented with a combination of UREA and true protein sources may be due to 1) a slower rate of ruminal NH 3 -N production and greater capture of NH 3 -N in microbial protein, 2) the provision of peptides and AA to meet a requirement of ruminal microorganisms and an improvement in ruminal fermentation and effi ciency of microbial protein synthesis, and 3) the provision of AA at the intestine from stimulated microbial protein synthesis and escape RUP to meet requirements for protein accretion during the early part of the growing period.
Feeding fi nishing cattle a high concentrate barleybased diet with 12.6% CP reduced NH 3 -N emissions in 2 periods in April from 28.1 to 14.4 g N/(steer•d) (50% reduction) and from 12.7 to 7.76% of N intake (42% reduction) compared with pens of cattle fed 14% CP diets supplemented with protein sources of varying ruminal degradabilities. Reduction in NH 3 and estimated N losses have been reported for fi nishing beef cattle fed cornbased diets with lower CP concentration using various methods. Monthly NH 3 -N emission rates at a commercial feedlot were lower for the fi rst year of measurement when cattle were fed a 12.9% CP diet compared with the next year when corn distillers grains were substituted for steam-fl aked corn and the dietary CP concentration correspondingly increased to 18.8% . Nitrogen volatilization losses (kg/steer) throughout a 180-d feeding period were reduced by 22% for cattle fed a fi nishing diet based on steam-fl aked corn and containing 11.5% CP compared with cattle fed a diet with 13% CP . When manure was incubated in chambers from cattle fed fi nishing diets containing 14.5 and 13% CP compared with that of cattle fed 11.5% CP, the amount of NH 3 -N emitted was reduced by 40 to 50% although total N lost was reduced by an average of 20%. The amount of NH 3 -N lost was only 18, 20, and 13% of the total N lost from the incubated manure of cattle fed 14.5, 13, and 11.5% CP, respectively, and suggested that greater N loses may have occurred as dinitrogen, other N containing gases (NO 2 and N 2 O), and amines. In the fi eld, amine emissions from a commercial feedlot were <1% of NH 3 -N losses and considered negligible (Hutchinson et al., 1982) .
Supplementation of the 12.6% CP barley-based fi nishing diet with CP of varying rumen degradabilities did not improve performance, carcass traits, or N-use efficiency of feedlot cattle. Nitrogen-use effi ciency throughout the fi nishing period was greatest for cattle fed the 12.6% CP compared with the 14% CP supplemented diets (15.9 vs. 14.0%). Nitrogen-use effi ciency decreased across all dietary treatments from 24% at the beginning to 7% at the end of the fi nishing phase. The PUN of fi nishing cattle typically increases as dietary CP concentration increases Vasconcelos et al., 2009) . For the fi rst 42 d of the fi nishing phase, PUN concentrations were comparable with that observed for cattle fed similar CP concentrations in the backgrounding phase but then increased for the latter part of the fi nishing phase (14.4 mg/dL), refl ecting dietary CP concentrations in excess of requirements and less effi cient use of N when protein deposition as a proportion of BW gain declines.
Ammonia-N Emissions from Beef Feedlot Cattle
The majority of beef cattle in North America are fi nished in a feedlot and enter a high energy, concentratebased feeding program for 100 to 180 d to deposit fat cover and marbling. Before this, weaned lighter BW calves entering the feedlot directly may be placed on a lower energy forage-based backgrounding program to limit the rate of BW gain and develop frame and muscle. In this system, growing and fi nishing cattle are confi ned in open lots with impermeable soil-surfaced fl oors, a bedded area or manure mound, and windbreak fencing. Cattle are typically replaced 2 to 3 times per year and at that time manure is scraped and removed from the pen surface. The movement of cattle subjects feces and urine to continuous physical mixing and increases the surface area and contact time between manure and the surrounding air. Environmental conditions (e.g., temperature, precipitation, pH) known to infl uence NH 3 emissions and N loss are not easily controlled in the feedlot compared with other livestock confi nement systems. Protein feeding strategies that target specifi c N requirements can reduce the loss of NH 3 -N from manure that occurs immediately after deposition.
In feedlot cattle fed high-concentrate fi nishing diets, 45 to 70% of the total amount of N excreted is in urine, primarily as urea-N (60 to 95% of urine N), and 30 to 55% in feces (Bierman et al., 1999; Cole et al., 2005; Koenig and Beauchemin, 2013a,b) . Urea-N is rapidly hydrolyzed to CO 2 and NH 4 + by bacterial urease excreted in the feces of cattle and microbial urease of bacteria, yeasts, fungi, and algae that are widely distributed in soil and aquatic systems of the environment (Mobley and Hausinger, 1989) . The NH 4 + formed dissociates to aqueous NH 3 depending on the NH 4 + concentration, ambient temperature, and pH. Transfer of NH 3 from the aqueous to the gaseous phase is dependent on temperature and wind speed.
Micrometeorological methods permit the measurement of NH 3 emissions from large fi eld plots, pastures, and commercial feedlots with minimal disruption of the measurement environment (McGinn and Janzen, 1998) . Measurements of NH 3 from commercial feedlots using these methods often include emissions from the feedlot pens, manure storage and treatment facilities, and retention ponds. Mass N balance techniques and the N:P ratio of manure have also been used to indirectly estimate volatile N losses, which are primarily in the form of NH 3 from feedlot pens. Ammonia emissions quantifi ed using these techniques from commercial beef feedlots range from 41 to 233 g NH 3 -N/(animal•d) and average 56 g/ (animal•d) during winter, 113 ± 10 g/(animal•d) during the summer, and 98 ± 60 g/(animal•d) annually (Hristov et al., 2011; Todd et al., 2011) . When expressed as a percentage of N intake, NH 3 -N emissions range from 27 to 72% and average 30.2 ± 3.6% during the winter, 56.7 ± 7.6% during the summer, and 47.6 ± 15.2% annually.
The integrated horizontal fl ux technique with passive NH 3 fl ux samplers is a micrometeorological technique well suited for the quantitative measurement of NH 3 emissions from small plots to investigate specifi c components of agronomic practices and manure storage facilities (Schjoerring et al., 1992; Sommer et al., 1996; McGinn and Sommer, 2007) . In the present study, the technique was applied to research scale feedlot pens with growing and fi nishing beef cattle fed backgrounding and fi nishing diets from December to July. Ammonia-N emissions during the winter (December to February) ranged from 4.3 to 25.6 g N/(steer•d) and averaged 13.1 ± 7.3 g N/(steer•d). As a percentage of N intake, NH 3 -N emissions ranged from 3.8 to 16.3% and averaged 9.0 ± 4.3%. During the spring and early summer (April to July), NH 3 -N emissions ranged from 9.7 to 76.4 g N/(steer•d) and averaged 38.2 ± 20.4 g N/(steer•d). As a percentage of N intake, NH 3 -N emissions ranged from 4.4 to 26.7% and averaged 16.0 ± 6.9%. The NH 3 -N emissions during the winter were approximately one-half of that measured during the summer and in agreement with other studies (Todd et al., , 2008 . However, the amounts of NH 3 -N emitted during the winter months were less than the summarized emissions (Hristov et al., 2011) . Few studies have measured NH 3 emissions during the winter and those that have were conducted on commercial open feedlots located in the southwestern United States (i.e., Texas; Todd et al., 2005 Todd et al., , 2008 Todd et al., , 2011 with typically warmer winter air temperatures than found at our study site. In 1 study, Todd et al. (2011) reported an NH 3 fl ux density <5 kg/(ha•d) for 4 d during January and February when the mean daily temperature ranged from -8.4 to -2.0°C, which is equivalent to an emission rate of <12 g NH 3 -N/(animal•d) [5 kg/(ha•d) × 36.4 ha/12,684 animals × 0.82] and within the range observed for the present study. Mean air temperature for the 4-d measurement period of NH 3 -N emissions during the winter was <5°C and likely contributed to lower urease activity (Bremner and Zantua, 1975; Moyo et al., 1989) , dissociation of NH 4 + to NH 3, and subsequent volatilization of NH 3 . Spring and early summer NH 3 -N emission rates were also less than rates reported for spring and summer from commercial feedlots in the southwestern United States (Todd et al., , 2008 Flesch et al., 2007) and the summer and fall in southern Alberta Staebler et al., 2009) . Mean air temperatures during the 4-d measurement periods ranged from 4.7 to 19.1°C. The mean temperature was <10°C for the fi rst 2 periods (9.8°C for April 4th to 8th and 4.7°C for April 25th to 29th) and may have inhibited NH 3 -N emissions for these periods. Precipitation can also infl uence NH 3 emissions. There was little or no rain (<1.2 mm) during the measurement period on any 1 d, except for the last day of the period from June 14th to 16th, during which rainfall was 8.6 mm. The NH 3 -N emissions on June 16th were 40% less than the average rate of NH 3 -N emissions for June 14th and 15th. reported a 38% reduction in daily NH 3 emission rate after a rainfall event of 2.1 mm.
In addition to environmental conditions, the C to N ratio of the manure can also affect the capture of N in manure and the potential susceptibility of excreted N to volatilization and loss (Erickson and Klopfenstein, 2010) . The C to N ratio of manure is affected by digestibility of the diet and addition of bedding to the pen surface. Shifting the site of carbohydrate digestion from the rumen to the hindgut by replacing dry-rolled corn with wet corn gluten feed or other sources of dietary fi ber in the fi nishing diet increased the percentage of fecal N excreted, by shifting the route of N excretion from urine to feces, and the amount of N recovered in manure (Bierman et al., 1999; Adams et al., 2004) . When corn bran replaced dry-rolled corn in the fi nishing diet, the amount of N lost through volatilization during the winter and spring was decreased by 38% and during the summer by 7%. Increasing the fi ber content of the fi nishing diet, however, decreased diet digestibility (Bierman et al., 1999) and can reduce performance of cattle (Adams et al., 2004) . In the present experiment, the diets did not differ in fiber content within each phase, but in companion studies, cattle fed the backgrounding diets excreted 40% of total N output in feces and 60% in urine (Koenig and Beauchemin, 2013a) compared with cattle fed the fi nishing diets, which excreted 31% of total N output in feces and 69% in urine (Koenig and Beauchemin, 2013b) . Environmental factors (i.e., low air temperature) probably played a larger role in affecting NH 3 -N emissions during the backgrounding phase, but N losses through volatilization may be expected to be less due to a lower proportion of N excretion in urine than feces for cattle fed the backgrounding compared with the fi nishing diets.
The addition and type of bedding material added to the pen surface can also affect the amount of N recovered in manure and the magnitude of N volatilization (Misselbrook and Powell, 2005) . Bedding may reduce airfl ow over urine patches and the transfer of NH 3 to the gaseous phase. Increasing the C in manure can enhance incorporation and immobilization of NH 4 + -N into microbial cells (Dewes, 1996) . In controlled laboratory tests, increasing the amount of straw from 2.5 to 15 kg/(animal•d) reduced NH 3 -N emissions from manure from 23.2 to 5.1%, respectively (Dewes, 1996) . Lory et al. (2002) added sawdust twice weekly to provide a 2:1 ratio of sawdust to fecal DM and when spread over the entire surface of feedlot pens during the summer and fall reduced N loss by 21%. In a study by Gilhespy et al. (2009) , increasing the addition of straw from 3.5 to 4.7 kg/(animal•d) spread over the entire surface of the feedlot pen reduced NH 3 -N emissions by 50%. Targeted application of the additional straw to sites of manure deposition reduced NH 3 -N emissions by an additional 22%. In the present experiment, straw bedding (approx. 325 kg DM/pen) added to the pens once at the start of each period would have provided an average 1:1.1 ratio of straw to fecal DM during emissions measurement {backgrounding fecal DM: 6.4 kg DMI/d × 0.28 (fractional indigestible DM; Koenig and Beauchemin, 2013a The reduced NH 3 -N emissions measured during the spring and summer in comparison with other studies may also indicate methodological issues with the integrated horizontal technique with passive fl ux samplers. Ammonia emissions can be underestimated if there is bypass of NH 3 -N from the inward facing glass tube to the outward facing glass tube of the sampler. Bypass of NH 3 between the 2 tubes with a 7-cm length of oxalic acid coating is negligible provided the NH 4 + -N content of the tube is below 50 μg and the wind speed <10 m/s (Sommer et al., 1996) . The 9-cm length of oxalic acid coating used in the present study would be expected to increase the adsorptive capacity of the tubes. Except for 1 glass tube found to contain 58 μg N, all of the >4,000 tube extracts analyzed contained less than 50 μg N indicating that saturation of the oxalic acid with NH 4 + -N was not occurring for a collection period of 24 h. The average wind speed for each 24-h period was <10 m/s, but there were wind speeds of >10 m/s recorded for the 30-min intervals on some days.
Determining the average wind direction for each 24-h measurement is a simple approach; therefore, changing wind direction during the day could affect the fetch (1/d) of the rectangular pen. However, NH 3 -N concentration was also measured over a 24-h duration.
With the integrated horizontal fl ux technique, the samplers must be positioned high enough to measure the top of the plume of NH 3 -N emitted from the pen. At a height of 3 m, the samplers can be expected to capture NH 3 -N emitted over the distance of the pen. For each 10 to 30 m distance, a vertical height of 1 m is required for the instrumentation to capture the internal bound-ary layer (Oke, 1987) . The reduced absolute amount of NH 3 -N emitted in comparison with other studies may be infl uenced by the short duration of time that manure accumulated in the pen, methodological issues, and the environmental and surface conditions (e.g., temperature, C to N ratio, bedding, pH, infi ltration). However, the potential factors affecting the measurement of NH 3 -N fl ux affected the 2 pens simultaneously and, therefore, allow for the relative comparison of the dietary treatments on feedlot cattle emissions.
The quantifi cation of a reduction in NH 3 -N emissions using the integrated horizontal technique from penned cattle fed diets containing CP concentrations over a narrow range from 14 to 12% are subject to a number of external factors that increase the variation of the measurement. Feeding a low CP (12.6%) barley-based concentrate diet to fi nishing cattle reduced NH 3 -N emissions in 2 of 5 measurement periods without affecting growth performance and carcass characteristics. Feeding a low CP (12%) barley-based backgrounding diet to growing cattle, however, reduced animal performance. Growth performance and N-use effi ciency of the cattle were improved when the backgrounding diet was supplemented (14% CP) with a combination of urea and degradable or undegradable true protein sources but not when urea was the sole supplemental protein source. It is important that animal performance is not affected by feeding diets with low CP concentration or unbalanced ruminal N, which could lead to increased NH 3 -N emissions over the duration of the feeding period as a result of decreased N-use effi ciency and an increase in the number of days on feed required to reach a target market endpoint.
